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rH (57) Abstract: Continuously variable transmission (I) provided with a primary pulley (2) and with a secondary pulley (3), around 
^ which there is arranged a drive belt (10), which is provided on either side with a substantially axially oriented running surface for 
£5 contact with a substantially axial ly oriented contact surface of one of two conical pulley discs of the pulleys (2, 3), and which is 
O clamped between the pulley discs of the primary pulley (2) over what is referred to as a primary belt angle ap and is clamped 
^ between the pulley discs of the secondary pulley (3) over what is referred to as a secondary belt angle Xs, a running surface of the 

O drive belt (10) being in contact with a contact surlace of the primary pulley (2) and of the secondary pulley (3) at a primary contact 
angle Xp and a secondary contact angle Xs, respectively, with respect to the radial direction, and the contact angles Xp and %$ and the 
belt angles ap and ccs, at least in one transmission ratio Rs/Rp of the transmission (1), at least virtually satisfying the equation (A): 
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CONTINUOUSLY VARIABLE TRANSMISSION 



The present invention relates to a continuously variable transmission in 
accordance with the preamble of Claim 1 . A transmission of this type is generally 
5 known and is used to transmit mechanical power between the primary and secondary 
pulleys of the transmission, it being possible for a transmission ratio of the 
transmission with which a couple or rotational speed is transmitted to be varied 
continuously within a certain range. As is known, the drive belt is clamped between 
the two pulley discs, which are substantially frustoconical or conical in form, of the 
10 respective pulleys; in the present invention, the transmission ratio of the transmission 
is defined as the ratio between an effective radial position of the drive belt on the 
secondary pulley and an effective radial position of the drive belt on the primary 
pulley, which positions are respectively also known as the secondary running radius 
and the primary running radius. To enable these running radii, and therefore the 
15 transmission ratio, to be varied, at least one of the pulley discs of each pulley is 
arranged such that it can be moved in the axial direction. 

By way of example, it is known from European patent application 
EP-A-1 218 654 that the two axially oriented forces with which the drive belt is 
clamped between the pulley discs of the pulleys, referred to below as the primary 
20 clamping force and the secondary clamping force, respectively, represent a crucial 
factor in determining the torque which can be transmitted between the pulleys via 
frictional forces between the pulleys and the drive belt, while the ratio between these 
clamping forces is a crucial factor in determining the transmission ratio. It should be 
noted that the minimum clamping force required for each pulley to transmit a torque 
25 which is supplied can be approximated by the following equation: 

K _ Tp *cos(Z) (t) 

in this equation, Kp is the minimum clamping force which is to be exerted on 
30 the drive belt by a pulley disc of the primary pulley in order for a primary torque Tp 
which is supplied to this primary pulley to be transmitted, i.e. virtually without any slip 
between the drive belt and the respective pulley disc in the tangential or 
circumferential direction, with a tangent line on the pulley disc at the location of an 
effective contact point between this pulley disc and the drive belt forming a contact 
35 angle \ with the radial direction, the said point of contact being located at a radial 
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distance Rp from a centre of rotation of the pulley, which distance corresponds to the 
said primary running radius, with an effective coefficient of friction p T between the 
drive belt and the pulley disc prevailing in this tangential direction. 

The minimum secondary clamping force Ks required can be calculated in a 
5 corresponding way from a secondary torque Ts and a secondary running radius Rs. 
However, since the ratio between the torque and the running radius Tp/Rp, and 
Ts/Rs, respectively, ignoring possible losses, is inevitably equal for the two pulleys, 
the minimum secondary clamping force required is equal to the said minimum 
primary clamping force required. 
10 In practice, a ratio between the primary and secondary clamping forces, 

referred for short as the clamping force ratio, wilt, however, have to be significantly 
higher or lower than 1, in order to enable a defined desired transmission ratio to be 
realised. The clamping force ratio required for an equilibrium state of the 
transmission, i.e. a constant transmission ratio, is referred to below as the equilibrium 
15 clamping force ratio, denoted here as the KpKs ratio. For the known transmission, 
the equilibrium clamping force ratio has a different value in different transmission 
ratios, this equilibrium clamping force ratio generally being greater than 1 at least in 
numerically the lowest transmission ratio, i.e. Overdrive, and less than 1 at least in 
numerically the highest transmission ratio, i.e. Low. The relationship between the 
20 transmission ratios of the transmission and the associated equilibrium clamping force 
ratio for a constant transmission ratio is referred to below as the KpKs curve for 
short. In a non-equilibrium state of the transmission, in which the transmission ratio is 
decreasing or increasing, the clamping force ratio required is raised or lowered, 
respectively, with respect to the said equilibrium clamping force ratio, the extent to 
25 which a clamping force ratio which is actually effected, referred to here as the FpFs 
ratio, deviates from the equilibrium clamping force ratio being the crucial factor in 
determining the speed at which the transmission ratio changes. 

In the equilibrium state of the transmission, therefore, the lower out of the 
primary and secondary clamping forces has to be at least equal to the minimum level 
30 required for the torque transmission, while the higher of the clamping forces is then 
given by the equilibrium clamping force ratio, i.e. the KpKs ratio. If the KpKs ratio 
deviates from 1, therefore, at least one of the clamping forces will adopt a higher 
level than the said minimum required level in order to realise the equilibrium state, 
it should be noted that the clamping forces are effected with the aid of suitable, 
35 generally known actuation means, which usually act on the axiaily moveable disc of a 
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pulley, such as a hydraulicaily acting piston/cylinder assembly or an electrically 
driven threaded spindle. The clamping forces for each pulley act on the drive belt 
over the length of a part of the drive belt which is clamped between the respective 
pulley discs. In the definition according to the invention, the said length is quantified 
5 per pulley as the angle which is enclosed by the respectively clamped part of the 
drive belt and is referred to as the primary and secondary belt angle. In this case, the 
sum of the primary belt angle and the secondary belt angle is, of course, equal to 2n, 
i.e. the arc of a circle described by the drive belt for each pulley together always form 
a complete circle. 

10 Moreover, in the known transmission, at least for one of the pulleys, the said 

minimum required clamping force is increased and/or multiplied by a safety factor 
which defines the clamping force which is ultimately desired and actually applied. 
The effect of an increase of this nature is to ensure that any inaccuracy in the 
parameters from equation (1) or, for example, an excessively rapid increase in the 
15 torque supplied does not cause the abovementioned slipping of the push belt and a 
pulley. Aiso, the safety factor forms a kind of margin above the minimum required 
level of the clamping forces, which margin makes it possible to move from the said 
equilibrium state, in which the transmission ratio is constant, to a non-equilibrium 
state, in which the transmission ratio changes, by reducing one of the two clamping 
20 forces with respect to the value which is required for this force according to the KpKs 
ratio instead of increasing the respective other clamping force without this 
immediately leading to the abovementioned slipping. Control of this nature has the 
advantage that it can react relatively quickly to a desired change in the transmission 
ratio and, moreover, that the transmission ratio of the transmission can be controlled 
25 in both directions by controlling just one of the two clamping forces, in the known 
transmission, a numerical value of 1.3 for the safety factor is considered as a 
generally applicable lower limit for this factor. 

In practice, the known transmission has proven in particular to be a reliable and 
efficient automatic transmission between the engine and the driven wheels of a motor 
30 vehicle for passenger transportation. In an application of this nature, the efficiency of 
the drive overall, and that of the transmission in particular, is generally considered an 
essential if not decisive characteristic of the vehicle. Therefore, it is an object of the 
present invention to provide an alternative design of the transmission which allows its 
efficiency to be considerably improved. 
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According to the invention, an improvement of this nature is realised in the 
transmission according to Claim 1. The transmission according to the invention is 
characterized in that the contact angles, more particularly the ratio between the 
tangent of the contact angle on the primary pulley and that on the secondary pulley, 
5 at least in numerically the lowest transmission ratio, i.e. Overdrive, and/or in 
numerically the highest transmission ratio, i.e. Low, are in a relationship with respect 
to one another which corresponds to the inverse of the ratio of the belt angles on the 
primary pulley and on the secondary pulley. 

The Applicant has discovered that in the transmission according to the 
10 invention, the efficiency and robustness of the transmission are greatly improved 
compared to the known transmission. According to the invention, the claimed 
transmission even represents an optimum design with regard to a number of 
functional aspects thereof. One possible explanation which has been hypothesized 
for this remarkable discovery is that the prescribed relationship between the contact 
15 angles and the belt angles contributes to a favourable change in the equilibrium 
clamping force ratio and, more particularly, to the equilibrium damping force ratio 
having a numerical value which is at least approximately equal to 1. 

This particular equilibrium ratio of the clamping forces, the KpKs ratio, 
according to the invention has a positive effect on the efficiency and the robustness 
20 of the transmission, since the more the highest level of the clamping forces in a 
specific transmission ratio decreases, the further these two aspects are improved. 
For example, a frictional loss between drive belt and pulley decreases as the 
clamping force level decreases, as does wear to these components. Also, the power 
which is required to generate the clamping forces, for example hydraulically or 
25 electrically, generally decreases with the level of force which is to be generated . The 
efficiency of the transmission is therefore inversely related to the maximum level of 
the clamping forces. A KpKs ratio equal to 1 represents the optimum ratio between 
the clamping forces, the level of the clamping forces for the two pulleys being 
determined exclusively by the torque supplied, so that the highest level of the 
30 clamping forces is minimized. 

In this case, on the one hand the value of the KpKs ratio in Overdrive is a 
decisive factor in the fuel consumption of a motor vehicle, which represents the most 
important application of the transmission, on account of the fact that in such an 
application the transmission is generally in or close to Overdrive for a relatively long 
35 time, if not most of the time. On the other hand, the value of the KpKs ratio in Low is 
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also of importance for the efficiency of the transmission, since in this transmission 
ratio the primary running radius is lowest, and therefore the primary clamping force 
required according to equation (1 ) is highest, at least if the maximum torque supplied 
in an the other transmission ratios is equal or lower, as is once again the case when 
5 the transmission is employed in a motor vehicle. 

In the optimum scenario, the KpKs ratio is also virtually equal to 1 over the 
entire range of transmission ratios of the transmission between Low and Overdrive. 
Starting from a given equilibrium state of the transmission with a constant 
transmission ratio, an increase in the primary and/or secondary clamping force with 
10 respect to the minimum value required for this in accordance with equation (1), this 
increase being applied by the transmission control, leads to a non-equilibrium state, 
with the result that the transmission ratio of the transmission will start to change at a 
defined speed and in a defined direction. The result of this is that the said increase 
which has been applied is cancelled out again. 
15 Moreover, according to the invention it can be stated in more general terms that 

a more or less constant value of the KpKs ratio is advantageous, i.e. irrespective of 
the numerical value of this ratio, since the transmission will then react to a change in 
the primary and/or secondary clamping force in virtually the same way in any 
transmission ratio. For example, in an equilibrium clamping force ratio with a constant 
20 numerical value, the dynamic performance of the transmission in a non-equilibrium 
state, such as the direction and speed with which the transmission ratio is changing, 
as a function of the abovementioned change which is applied, will advantageously be 
more or less constant, or at least will vary to a lesser extent with this transmission 
ratio. This has the advantages that the transmission control can be adjusted in a 
25 relatively simple way and that the dynamic performance of the transmission is 
virtually independent of the instantaneous transmission ratio. These aspects are of 
benefit to the simplicity and robustness of the transmission control responsible for 
effecting the clamping forces. 

The present invention provides a number of exemplary embodiments of the 
30 transmission, in which the said equilibrium clamping force ratio is realized in an 
advantageous way, which examples are described below with reference to the 
appended explanatory figures. 

Figure 1 diagrammatically depicts a cross section through a continuously 
variable transmission provided with two pulleys and a drive belt in accordance with 
35 the prior art. 
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Figure 2 shows a simplified side view of the transmission shown in Figure 1. 

Figure 3 shows a cross section through the push belt which can preferably be 
used as the drive belt in the continuously variable transmission according to the 
invention. 

5 Figure 4 shows a side view of a transverse element from the push belt shown in 

Figure 3. 

Figure 5 shows a detail of a pulley disc, and in particular its contact surface, as 
can be used in combination with the push belt shown in Figure 3 in the continuously 
variable transmission according to the invention. 
10 Figure 6 illustrates the difference in clamping force between the primary pulley 

and the secondary pulley as a result of the transmission ratio. 

Figure 7 uses a small part of a curved drive belt to illustrate the relationship 
between a tensile stress therein and a force component which is exerted in the 
radially inward direction. 
15 Figure 8 shows a diagram which plots the equilibrium clamping force ratio 

which has been theoretically approximated against the transmission ratio of the 
known transmission with a constant contact angle of 11 degrees for both pulleys. 

Figure 9 shows a diagram in which what is known as the contact angle contour 
for the primary and secondary pulleys is plotted against the transmission ratio, with 
20 the theoretically approximated equilibrium clamping force ratio being equal to 1 
irrespective of this transmission ratio. 

Figure 10 illustrates, in a tangential cross section of the drive belt and a pulley, 
the play of forces in the contact between them under the influence of the axial 
clamping force which is exerted. 
25 Figure 1 diagrammatically depicts a cross section through a continuously 

variable transmission 1 according to the prior art. The known transmission 1 
comprises, a primary pulley 2, which can be driven by an engine (not shown) with a 
couple of forces Tp, and a secondary pulley 3, which can drive a load (not shown) 
with couple of forces Ts. Both pulleys 2 and 3 are provided with a pulley disc 21, 31, 
30 which is fixed to the respective pulley axle 20, 30, and with a pulley disc 22, 32 which 
can be displaced in the axial direction with respect to the said axle 20, 30. A drive 
belt 10, more particularly a push belt 10, is clamped between the pulley discs 21, 22, 
31, 32, so that with the aid of friction mechanical power can be transmitted between 
the two axles 20 and 30. An axially oriented force with which the drive belt 10 is 
35 clamped in place for each pulley 2, 3, referred to below as the primary clamping force 
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Kp and the secondary clamping force Ks, respectively, is In this case realized by the 
application of a hydraulic pressure in a respective pressure chamber 24, 34 of the 
two pulleys 2 and 3. 

The transmission ratio Rs/Rp of the transmission 1 is determined by the ratio 
5 between a secondary running radius Rs and a primary running radius Rp of the drive 
belt 10, i.e. the effective radial position thereof between the pulley discs 21, 22, 31 
and 32 of the respective pulleys 2 and 3. The said running radii Rp and Rs, and 
therefore the transmission ratio Rs/Rp, defined in accordance with the invention, of 
the transmission 1 can be varied by the displaceabie discs 22, 32 being moved in 
10 opposite axial directions over the respective pulley axles, 20, 30. In Figure 1, the 
transmission 1 is illustrated with a small transmission ratio Rs/Rp, i.e. with a relatively 
large primary running radius Rp and a relatively small secondary running radius Rs. 

It should be noted that the transmission ratio Rs/Rp, the primary running radius 
Rp and the secondary running radius Rs are in a clearly defined and geometrically 
15 determined relationship with respect to one another, this relationship being 
determined, inter alia, by the length of the drive belt 10, the distance between the 
axes of rotation of the respective pulleys 2, 3 and the maximum and minimum 
running radii Rp and Rs, so that these variables can be calculated from the others as 
desired. 

20 Figure 2 shows a further, side view of the known transmission 1, with the 

primary pulley 2 with the primary axle 20 on the left-hand side of the figure and the 
secondary pulley -3 with the secondary axle 30 on the right-hand side of the figure. 
Unlike in Figure 1, in this figure the transmission 1 is now illustrated with a relatively 
high transmission ratio Rs/Rp. in which the primary running radius Rp is smaller than 

25 the secondary running radius Rs, with the result that, during operation, the primary 
pulley 2 will have a lower rotational speed than the secondary pulley 3. The drive belt 
10 shown is what is known as a push belt 10, which comprises a virtually continuous 
series of transverse elements 11, only a few of which are shown, for the sake of 
simplicity, and at least one set 12 of a number of radially nested, continuous, flat and 

30 thin metal rings. 

This push belt 10 is shown in more detail in Figures 3 and 4, Figure 3 showing 
a cross section through the push belt 10 and Figure 4 showing a side view of a 
transverse element 11 therefrom. The cross section shows a front view of the 
transverse element 11, which is provided on either side with a recess, in each of 

35 which there is a set of rings 12. The set of rings 12 and the transverse element 11 
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retain one another in the radial or height direction, but the transverse elements 1 1 
can move along the sets of rings 12 in the circumferential direction thereof. 
Furthermore, the transverse elements 1 1 are provided with a protuberance in the 
circumferential direction of the push belt 10, also referred to as the projection 13, and 
5 with a recess 14 arranged in an opposite main side of the element 11, which 
projection 13 and recess 14 serve to stabilize the series of transverse elements 11 in 
the push belt 10 with respect to one another. 

A bottom section 15 of the transverse element 11 tapers, so that adjacent 
transverse elements 11 can tilt with respect to one another and the push belt 10 can 
10 describe an arc, such as where it is clamped between the pulley discs 21 , 22, 31 , 32 
of the respective pulleys 2 and 3. It should be noted that the abovementioned 
effective radial position, i.e. the effective running radius Rp, Rs of the push belt 10, 
substantially corresponds to a radial position of the topside of the bottom section 15 
of the transverse element 11, which topside is also referred to as the tilting line 17 of 
15 the transverse elements 10, along which the latter are in contact with one another in 
the said arc. The bottom section 15 is furthermore provided, on either side with what 
are known as running surfaces 16, via which the transverse element 11 is clamped 
between the pulley discs 21, 22; 31 32, the rotation of a driving pulley 2 being 
transmitted via friction to the clamped transverse elements 1 1 . This may give rise to 
20 a considerable pushing force between the transverse elements 1 1 , with the result 
that they push one another forward over the sets of rings 12 in the direction of the 
driven pulley 3. Then, where the push belt 10 is clamped between the discs 31 and 
32 of the driven pulley 3, the pushing force which is present between the transverse 
elements 11 is virtually completely transmitted via friction to the driven pulley 3. 
25 Finally, the transverse elements 11 push one another back, exerting a relatively low 
pushing force, from the driven pulley 3 to the driving pulley 2. The sets of rings 12 in 
this case ensure that the transverse elements 1 1 continue to follow the path which is 
intended for the push belt 10. 

Figure 5 illustrates a detail of a pulley disc 43 on the basis of a cross section 
30 through it as seen in the tangential direction. A so-called contact surface 40 of the 
pulley disc 43, by means of which it comes into contact with a running surface 16 of 
the transverse elements 11, is provided with a curvature with an optionally variable 
radius of curvature R40, with a contact angle X, defined between a tangent line 41 in 
a point R on the contact surface 40 and the radial direction 42, increasing as seen in 
35 the said radial direction. Therefore, the contact surfaces 40 in the transmission 1 , as 
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seen in the tangential cross section, describe a contour which can be defined as the 
relationship between the Socal contact angle X and the transmission ratio Rs/Rp of 
the transmission 1. For each pulley 2, 3, the said contour is referred to as the primary 
contact angle contour Xp(Rs/Rp) and the secondary contact angle contour 
5 Xs(Rs/Rp), respectively, with the fixed and moveable discs 21, 22, 31 and 32 of a 
pulley 2, 3 being provided with identical contours. It is also preferable for the two 
pulleys 2 and 3 to be identical in form, i.e. to be provided with contact angle contours 
*.p(Rs/Rp) and Xs(Rs/Rp) which are mirror-symmetrical with respect to one another. 
In order to be able to interact optimally with the curved contact surfaces 40 of 
1 0 the pulleys 2 and 3, the running surfaces 1 6 of the transverse element 11 , as seen in 
the cross section of the push belt 10 illustrated in Figure 3, are provided with a 
curvature. In this case, a range of contact angles X which at least corresponds to 
contact angle contours Xp(Rs/Rp) and Xs(Rs/Rp) defined by the contact surfaces 40 
of the pulleys 2 and 3, is defined in the contour of the running surfaces 16. 
15 The clamping force ratio, the KpKs ratio, which is required for an equilibrium 

state of the transmission 1, i.e. for a constant transmission ratio, originates from the 
equilibrium condition whereby per pulley 2, 3 the tensile forces Ft generated in the 
belt sets 12 of the drive belt 10 should be equal to one another. This equilibrium 
condition is illustrated in Figure 6. For each pulley 2 and 3, the tensile force Ft is 
20 produced as a result of the radial forces Frp and Frs, respectively, acting on the drive 
belt 10 in the radial direction, which forces Frp and Frs are produced as a result of 
the local contact angle Xp, Xs and the clamping force Kp, Ks which is applied 
between the discs 21 and 22, 31 and 32 respectively, for each pulley 2, 3 and is 
substantially axially oriented. When this is written out for the primary pulley 2, the 
25 following relationship applies: 

Frp = Kp (2) 

The radial forces Frp and Frs act on the running surfaces 16 of the transverse 
30 elements 11 over the length of the parts of the drive belt 10 which are clamped 
between the pulley discs 21, 22, 31. 32 of the respective primary pulley 2 and 
secondary pulley 3. The said length can be quantified for each pulley 2, 3 as an 
angle which is enclosed by the clamped part of the drive belt 10, designated here as 
the primary belt angle ap and the secondary belt angle as, respectively. The radial 
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forces Frp and Frs which are required for equilibrium are then determined by 
summing, over the respective belt angles ap and as, the tensile force Ft per unit of 
the belt angle da. When written out far the primary puiiey 2, the following relationship 
therefore applies: 

5 wp, 

F , T= l£L* Rp *da (3) 

0 

The derivation of equation (3) is illustrated in Figure 7 on the basis of a small part of 
the belt set 12. 

10 Equations (2) and (3) can be derived in a corresponding way for the secondary 

pulley 3, with the said equilibrium condition for a constant transmission ratio whereby 
the tensile stress Ft which is generated applies to both pulleys 2 and 3, so that the 
following relationship applies to the equilibrium clamping force ratio KpKs: 

\Ft*da 

v> v - OP.- t an W « o Jj^Ml^- (4) 

^"Ks tan(^) ^ pt , da tantfp)*« 

0 

in which the belt angles ap and as vary as a function of the respective running radius 
20 Rp, Rs and therefore also as a function of the transmission ratio Rs/Rp. A 
relationship of this nature between the belt angles ap and as and the running radii Rs 
and Rp is determined by the geometry of the transmission 1 and may, for example, 
be approximated relatively accurately as: 



a =?r + 2*aresinf — 1 and as = 2K-~a P 
with Rs(Rp, RPmin. RPmax): 



25 



(5) 



2*fa*Rp MAX Y -iRs-Rpf+^HRs + Rp) + 

30 2 * arcsinf . J ^~ i ^ -) * (Rs -Rp) = 2* fa* RPmax f ~ ( r Pmax ~ RPmih f + 

2*RPmax 

**<*Pm* + Rp^2^ia( ^-f p ^ -)HRp^ -RP**) 



(6) 



MAX 



where Rp« is the smallest primary running radius Rp which occurs and RPmax is the 
35 largest primary running radius Rp which occurs. In the derivation of equations (5) and 
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(6) f it has been assumed that the two pulleys 2 and 3 are positioned as close 
together as possible in the radial direction, as is the case, for example, in Figure 6, 
but as is also generally desired in motor vehicles. 

The solution, which is to be determined iteratively or numerically, to equations 
5 (4), (5) and (6) for the KpKs ratio in relation to the transmission ratio Rs/Rp, with the 
contact angles Xp and Xs having a constant and equal value - in this example 11 
degrees - is given in Figure 8. 

it can be concluded from the above analysis, which, incidentally, is independent 
of the type of drive belt 10, meaning that it applies not only to the push belt 10 shown 
10 in Figures 2-4 but also to a rubber V belt, a metal chain or the like, that the KpKs ratio 
can be influenced by selecting values for the primary contact angle Xp and/or the 
secondary contact angle Xs which differ from one another. The ratio between the 
contact angles Xp, Xs as a function of the transmission ratio Rs/Rp of the 
transmission, with the equilibrium ratio of the clamping forces Kp and Ks - referred to 
15 as the KpKs curve - advantageously being equal to 1 for all the transmission ratios 
Rs/Rp, should in this case satisfy equation (4) with Kp/Ks=1 : 

tan(As) _ as_ (7) 
tan(/tp) op 

20 Incidentally, it follows from equation (7) that the contact angles Xp, Xs should be 

equal in value in the transmission ratio Rs/Rp in which the belt angles ccp and as - 
and therefore also the running radii Rp and Rs - are equal to one another. 

One possible solution to equation 7 is shown in the diagram in Figure 9, in 
which the respective contact angle Xp, Xs for the primary pulley 2 and the secondary 
25 pulley 3 is plotted against the transmission ratio Rs/Rp in the so-called contact angle 
contours A.p(Rs/Rp) and Xs(Rs/Rp). The theoretically approximated KpKs ratio is in 
this case, therefore, equal to 1 in all possible transmission ratios Rs/Rp. The diagram 
shown in Figure 9 applies to a typical transmission 1 with a smallest primary running 
radius Rp m n of approximately 30 mm and with a largest primary running radius Rp MA x 
30 of approximately 75 mm combined with an equal and smallest possible radial 
dimension of the pulleys 2 and 3. 

The boundary condition required to solve equation (7) was in this case that the 
contact angle contours A.p(Rs/Rp) and Xs(Rs/Rp) for each pulley 2, 3 be a continuous 
curve, respectively rising continuously on the secondary pulley 3 and failing 
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continuously on the primary pulley (2). In addition, according to the invention the 
lower limit for the contact angles and A,s, on the one hand, is preferably selected 
to be as low as possible, since as a result the radial force Frp, Frs and therefore also 
the tensile force Ft in the belt sets 12 will advantageously be low. After ail, the said 

5 tensile force Ft makes no contribution to the transfer of the torque Tp supplied, since 
it has a constant level At the same time, the belt sets 12 are subjected to mechanical 
load by the tensile force Ft. On the other hand, according to the invention, under all 
circumstances it must be possible for the drive belt 10 to be displaced in the radial 
direction between the pulley discs 21, 22, 31 32, in order to allow the transmission 

10 ratio Rs/Rp to be altered. For this purpose, the said radial force Frp must be able to 
overcome at least a friction Fw between the drive belt 10 and a pulley 2, 3. Written 
out for the primary pulley 2, the following relationship then applies: 



15 



where ja r is a coefficient of friction which is measured in the radial direction in the 
contact between a running surface 16 of the drive belt 10 and the contact surface 40 
of a pulley disc 43, and where Fn is a normal force in that contact. Equation (8) is 
schematically illustrated in Figure 10, which shows the forces - Kp, Fw, Frp, Fn - 

20 ' which are active within the said contact. Equation (8) gives rise to the condition that a 
contact angle X must be greater than the arc-tangent of the radial coefficient of 
friction |x R . In the lubricated metal/metai contact between the pulleys 2 and 3 and the 
drive belt 10 of the transmission, a maximum value of approximately 0.12 typically 
applies for ]± R . Therefore, according to the invention the primary contact angle ^p in 

25 Low and the secondary contact angle Xs in Overdrive is preferably at least equal to 7 
degrees. The complete contact angle contours A,p(Rs/Rp) and a,s(Rs/Rp) can then be 
approximated iteratively using equations (4), (5), (6) and (7). 

Yet another suitable boundary condition may be that the discs 21, 22 5 31 and 
32 of the pulleys should be shaped identically, which is advantageous in particular in 

30 terms of production and assembly engineering consideration. 
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CLAIMS 

1. Continuously variable transmission (1) for transmitting a couple of forces (Tp) 
with a variable transmission ratio in particular in motor vehicles, provided with a 

5 primary pulley (2) and with a secondary pulley (3), around which there is arranged a 
drive belt which is provided on either side with a substantially axialiy oriented running 
surface (16) for contact with a substantially axialiy oriented contact surface (40) of 
one of two conical pulley discs (21, 22; 31, 32) of each pulley (2; 3) and is clamped, 
over what is referred to as a primary belt angle (ap), between the pulley discs (21 , 

10 22) of the primary pulley (2) with an axialiy oriented primary clamping force (Kp) and 
is clamped, over what is referred to as a secondary belt angle (as), between the 
pulley discs (31, 32) of the secondary pulley (3) with an axialiy oriented secondary 
clamping force (Ks), it being possible for an effective radial position (Rp) of the drive 
belt (10) between the pulley discs (21, 22) of the primary pulley (2) and an effective 

15 radial position (Rs) between the pulley discs (31, 32) of the secondary pulley (3) to 
vary in opposite directions, with the result that the transmission ratio (Rs/Rp) of the 
transmission (1)can vary between a maximum value, known as Low, and a minimum 
value, known as Overdrive, and at least one running surface (16) of the drive belt 
(10) being in contact with a contact surface (40) of the primary pulley (2) and with a 

20 contact surface (40) of the secondary pulley (3) at a primary contact angle (Xp) and a 
secondary contact angle (ks), respectively, with respect to the radial direction, 
characterized in that at least in Overdrive or in Low the contact angles {kp, Xs) and 
th e belt angles (ap, as) at least virtually satisfy the following equation: 

ta n(/Ls) _ as 
25 tan(Ap) ~ ap 

2. Continuously variable transmission (1 ) for transmitting a couple of forces (Tp) 
with a variable transmission ratio in particular in motor vehicles, provided with a 
primary pulley (2) and with a secondary pulley (3), around which there is arranged a 
30 drive belt which is provided on either side with a substantially axialiy oriented running 
surface (16) for contact with a substantially axialiy oriented contact surface (40) of 
one of two conical pulley discs (21, 22; 31, 32) of each pulley (2; 3) and is clamped, 
over what is referred to as a primary belt angle (ap), between the pulley discs (21 , 
22) of the primary pulley (2) with an axialiy oriented primary clamping force (Kp) and 
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is clamped, over what is referred to as a secondary belt angle (as), between the 
pulley discs (31 , 32) of the secondary pulley (3) with an axialiy oriented secondary 
clamping force (Ks), it being possible for an effective radial position (Rp) of the drive 
belt (10) between the pulley discs (21, 22) of the primary pulley (2) and an effective 

5 radial position (Rs) between the pulley discs (31, 32) of the secondary pulley (3) to 
vary in opposite directions, with the result that the transmission ratio (Rs/Rp) of the 
transmission (1) can vary between a maximum value, known as Low, and a minimum 
value, known as Overdrive, and at least one running surface (16) of the drive belt 
(10) being in contact with a contact surface (40) of the primary pulley (2) and with a 

10 contact surface (40) of the secondary pulley (3) at a primary contact angle (Xp) and a 
secondary contact angle (ks), respectively, with respect to the radial direction, 
characterized in that at least in Overdrive or in Low the contact angles (Xp, Xs) have 
different values, in which case the primary clamping force (Kp) and secondary 
clamping force (Ks) required for the respective transmission ratio (Rs/Rp) are at least 

15 virtually equai. 

3. Transmission (1) according to Claim 1 or 2, characterized in that in Overdrive or 
in Low a ratio between the tangents of the contact angles (Xp, Xs) is in the range 
between 1 .4 and 1 .5 or between 1 .4" 1 and 1 .5' 1 . 

20 

4. Transmission (1) according to Claim 1, 2 or 3, characterized in that in all its 
transmission ratios (Rs/Rp), the contact angles (Xp, Xs) and the belt angles (op, as) 
at least virtually satisfy the following equation: 

tan(A?) _ as_ 
25 tan(/tp) op 

5. Transmission (1 ) according to one of the preceding claims, characterized in that 
in all its transmission ratios (Rs/Rp), the primary clamping force (Kp) and the 
secondary clamping force (Ks) are at least virtually equal. 

30 

6. Transmission (1) according to one of the preceding claims, characterized in that 
the tangent of the smallest value of the contact angles (Xp, Xs) is equal to or greater 
than a coefficient of friction between the drive belt (10) and the pulley discs (21, 22; 
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31, 32) of the respective pulley (2, 3) in the radial direction, with preferably at least 
one of these tangents being virtually equal to the said coefficient of friction. 

7. Transmission (1) according to one of the preceding claims, characterized in that 
5 the contact angles (Xp, Xs) have a value in the range from 7 to 11 degrees. 

8. Transmission (1) according to one of the preceding claims, characterized in that 
for at least one of the clamping forces (Kp, Ks) the levei of damping force which is 
actually effected in the transmission (1) is at least virtually equal to 1 .3 times the levei 

10 of a minimum clamping force required to transmit a couple which is supplied. 

9. Transmission (1 ) according to one of the preceding claims, characterized in that 
the drive belt (10) is what is known as a push belt (10), which push belt (10) 
comprises a virtually continuous series of transverse elements (11) and at least one 

15 continuous ring (12), the transverse elements (1 1 ) being arranged on the ring (12) in 
such a manner that they can move over the circumferential direction of the ring (12). 
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